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WIND-TOITNSI TESTS OF A SUBMER&1L-ENG IH2 FUSELAGE DESIG1T 
By John ?• BeoVer and Donald D. Baals 



SUMMARY 



rests were conducted in the 8 -font hi^h-speed wind 
tunnel of a l/5- scale-modal pur sui t -type fuselage with a 
practicable internal duct arrangement designed to meet all 
of the air r oqui roment g of a 1000-horsepewer radial engine 
submerged at the maximum section. Air inlet openings at 
the Hose and outlet openings at the sides and at the tail 
wore Investigated. The internal-flow characteristics were 
determined and drar; force and pressure-cli st ri "but ion data 
obtained. 

I 

The results showed that the required internal flow 
can he ootained with ne^li^iole ducting losses provided 
that basic principles are observed in designing the air 
passages. The dra ; increases measured with internal flow 
were less than the drag due to the internal losses; i.e., 
the effects of air inlot and outlet on the external flow 
wore bo. .of i cial . 

The ever-all dra<S of the best arrangement tested with- 
out simulated engine resistance, but with adequate inter- 
nal flow for the engine requirements at 400 niles per hour, 
was loss than the dra? of a streamline body of similar size 
The maximum local*- velocity increments over the noses of 
the models were low; therefore, the cri t i cal- eompr e s si bi 1- 
ity speed of the fuselage would be determined by the cook- 
pit fairing or the win^-f usela^e juncture. 



INTEODTJCTIOH 



9Phe optimum pursuit-type fuselage design from an aero- 
dynamic point of view must have a power-plant installa- 
tion which does not necessitate appreciable departures 
from an ideally streamline form." The location of the en- 
gine in such a fuseir^e would be near the maximum cross 
section, and an extension shaft drive to a tractor or 
pusher propeller, or to two propellers on the *ia$ would 
be necessary. In addition to the mechanical difficulties 
involved, lack of data on the aerodynamic characteristics 
of suitable air inlet and outlet openings and the ques- 
tion of v/hether adequate air flow could be maintained 
without large ducting losses appear to have discouraged 
submerged-engine desi ?ns. 
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Recent tests (reference l) have shown that the exter- 
nal drag of a streamline fuselage with suitable nose-inlet 
and tail-outlet openings Is no higher than that of the 
"basic streamline "body. The critical compressibili ty speed 
with these openings was as high as that of the streamline 
shape. The promising nature of these results prompted an 
extension of the investigation to include the development 
of a practicable internal system to operate in conjunc- 
tion with the efficient openings. The general arrangement 
arrived at is shown in figure 1« It was the principal 
purpose of this investigation to study the internal flow 
characteristics of this design. Force and pressure-dis- 
tribution data were also obtained in order to determine 
the external characteristics of the inlet and outlet open- 
ings tested and to corroborate the conclusions of refer- 
ence 1. 



SYMBOLS 



V free stream velocity 

P n free stream density 

q free stream dynamic pressure, 

p density in duct 

v E$ean velocity in duct 

AH (froe stream total pressure) 

Q, volume of flow through duct, 

F maximum cross-sectional area 

A duct cross- sectional area, 

S wetted area of duct 

a velocity of sound in air 

M Mach number V/a 

H fuselage Reynolds number, 



§ p 0 v= 



- (duct total pressure) 
cubic feet per second 
of fuselage, 0.595 sq ft 



li 1 SSt fi^ h_ o f _ fuse 1 &g e J 
v 
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pressure coefficient, (p 



local 



s t ream 



)/«. 




effective fuse 



1r%q drag coefficient, 



O 



i n 5 a 



ilone ) 



C 



~ . , ~ * effective area 
area coefficient for outlets, 



geometric area 



turbulent-flow *kin friction coefficient. 




APPARATUS AND METHODS 



The I7ACA 8-foot hi sp e e d wind tunnel in which the 
tents were carried out is a single-return, circular- 
section : closed-throat tunnel. The air speed is continu- 
ously controllable from about 75 to 550 miles per hour. 
The turbulence of the air stream as indicated by transi- 
tion measurements on airfoils is unusually low but some- 
what higher than in free air. 

The fuselage models were supported by a 15-in ch- cho r d 
airfoil of NACA 0012 section -hich spanned the jet (ft%. 
2). The relatively lar^e interference dra^ of the hi$h- 
win? set-up was accepted in view of the convenience of 
this arrangement. A fillet similar to that employed in 
combination JJo. 143 of reference 2 was used. The ring 
was sufficiently far removed from the various openings to 
preclude the possibility of measurable interference ef- 
fects on the flow at the openings. 



The fuselages were designed around a 1000-hor sepower , 
48-inch-ciamet er engine located at the maximum section, 
A total-air requirement of 21,000 cubic feet per minute at 
rated power was assumed. At a flight speed of 400 miles 
per hour this quantity of flow corresponds to a flow co- 
efficient, Q/FV, of about 0.040, The models were de- 
signed for this value of the flow coefficient. 



General Ar ran cement 
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The fu&el&ge design investigated (fig. l) is conr-id- 
e red the most practicable, and the most efficient from an 
aerodynamic viewpoint, of several possible arrangement s • 
A pusher propeller was assumed because of the Improved 
propulsive efficiency possible, and the resulting simpli- 
fication of the installation of an efficient air inlet 
opening and a forward—firing cannon. Air fron the nose 
inlet is led on either side of the pilot r s cockpit through, 
twin expanding channels which reunite in front of the en- 
gine, A clear width of 27 inches was allowed for the pi- 
lot. Behind the engine the duct was necked down suffi- 
ciently to permit the installation of a blower necessary 
for ground cooling in an actual installation. Aft of the 
blower station the channel was divided and contracted to 
form two partial-annular outlet openings* 



External Shape 

Streamline body,- The thickness distribution up to 
the 24-inch station (fig. 8) was that of the modified HA OA 
111 streamline body (reference l). A fineness ratio of 
6.35 was used in deriving the ordinates. Behind the 24- 
inch station the shape of the body was governed by consid- 
erations of space requirements and propeller spinner size. 
The fineness ratio of the resulting streamline body is 
6.79, the length being 70. S5 inches and the diameter 10.44 
inches. 

Sf ose 1 • - The design recommendations of reference 1 
were followed in developing the lines cf the noses. It 
was found that an inlet opening 2.80 inches in diameter 
(fig. 55) permitted a profile (derived from the data of 
reference l) similar to that of the streamline body, a 
satisfactory inlet velocity ratio, and an efficient duct 
expansion to the area available at the pilot's station. 
A cockpit enclosure which faired into the developed nose 
profile (side view) at the 4.5-inch station was added. 

• - Xn designing nose 2 (fi?. 4) a sacrifice in 
external shape was made in order to allow the use of 
larger internal ducts and thereby to reduce the internal 
losses. The profile ordinates were derived from the data 
of reference 1 for an inlet diameter of 3.50 inches and 
merge with the cockpit enclosure fairing at the 2.5 0-inch 
station. 
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.Tails,- The outlet openings were designed for applica- 
tion to the "basic streamline afterbody shape. 

Tail 1 (figs. 2 and 5 ) was an annular-outlet o^enin^ 
of conventional design. Tail 1-a (fig. 6) was a modifica- 
tion of tail 1, in which the body "behind the opening was 
undercut as recommended in reference 1 to relieve the 
static pressure peak occurring with the conventional out- 
let. Since it was shown in reference 1 that an outlet at 
the tail night "be superior to the radial type, it was de- 
cided to include two tail outlets in this investigation 
even though they could obviously not "be used with a pusher 
propeller. The external shape of tail 2 was identical 
with that of the streamline body (fig. 4). Tail 2 -a (figs. 
4 and 6) was a cusped version of tail 2, dosigned accord- 
ing to the recommendations of reference 1. 



I2TTERITAL DUCT DESIGN 



Data from references 4, and 5, were applied in de- 
signing the internal flow system. The area expansions 
along the nose ducts (apex angles of equivalent cones), 
and the velocity distributions for the design flow coeffi- 
cient, 0.040, are shown in figure 7 for both noses. 

Nqse The duct was made cylindrical for a short 

distance "behind the inlet in an effort to avoid possible 
interference effects between the internal and external 
flows. It was then divided into two identical channels 
(figs. 3 and 3) which expanded uniformly at an equivalent 
angle of 5.8° until the 19-inch (pilot's) station was 
reached. At this point the moan velocity (fig. 7) had 
been decreased from a value of 0.56V at the inlet to about 
0.19V. With the duct velocity at this low value, a less 
efficient expansion angle could he employed with negligible 
loss; an expansion of about 20° was required between the 
19-inch and maximum sections. A cylindrical fairing for 
the engine crankcase was merged into the wall of the Pi- 
lot's compartment (fig, 9). 

Nose The inlet velocity for nose 2 was 0,35V, a 

value low enough to permit a relatively large expansion 
angle to be used efficiently near the inlet, due to the 
natural spreading of the streamlines at low inlet velocity 
ratios. The results of reference 5 indicated that an an- 
gle of at least 10° could be employed for about 2 inches 
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fee hind the inlet Cfi?. 7). The area aval la Die at the 19- 
inch station required a ^,7° uniform expansion from the 2- 
inch station, and approximately a 17° expansion to the 
cylindrical online section. (See figs. 4 and 8.) 

5!M»I'„ I._ai-cl„lra . - The chief considerations in divid- 
ing and contracting the ducts leading to the annular out- 
lets (-"i^s. 7> and 10) were to avoid sharp "bends and ex- 
tended regions of hi^h velocity. The outlet areas rere 
calculated from estimates of the available pressure drop 
across the internal system for the design flcr coefficient. 

Tail g 2 and 2 -a . - The duct area at the bloror station 
was maintained to the 55-inch station. The channel was 
cylindrical for 3 inches ahead of the outlets. ' (See fi^s. 
4 an d 10. ) 

S imul at e d_eng in e_ re si stance ♦ - An orifice plate pun che d 
with 204 l/4-inch holes ras employed to represent a "baf- 
fled engine of conductance 0.10. An orifice coefficient 
of 0.70 ras used in desi^nin^ the plate in vier of the 
close spacing of the holes. 



Flor and Pressure Measurement 

The rates of flcr were measured hy surveys of the to- 
tal and static pressure at the Dicker section. A built- 
in rake of 5 total-pressure tuoes and a rin^ of 4 static- 
pressure orifices spaced 90° apart ground the duct rail 
were used for this purpose. Measurement s of total pros- 
sure rere r:lso made at the 24.7- and ^0-inch stations "by 
insert in.-:; additional 5*- tube rakes into the ducts from the 
outside of the model. Total-pressure traverses at the out- 
lets rere made "by means of single adjustable impact tubes . 

Static-pressure orifices over the top of the noses 
and cockpit fairings rere installed to permit the estima- 
tion of critical speeds. Static pressures over the annu- 
lar outlets vere similarly measured to furnish additional 
data on tine outlet characteristics. 



2 o un da ry - Lay er Conditions 

It has "boon found necessary in the 8-foot hi^h-speed 
rind tunnel to fix the location of "boundary-layer t ran si- 
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tion nenr the nose of fuselage models in order to secure 
results significant for hi$h Reynolds number applications. 
IMS was accomplished by l/4-in ch-v/i de rings of No. 60 
car b or nudum grains glued to the suri\ace at the ?/4-innh 
station of noses 1 and 2 and at the corresponding station 
9 on tehe streamline nose. Aside from the carborundum strips 

^ the surfaces of the models ("both external and internal) 

\Tere ac rodvnami cally smooth and fair. 



TESTS 



Drag-force tests of the ring alone, of the streamline 
body combination, and of a typical combination with inter- 
nal flew, wore carried to a L'ach number of 0.57 (about 500 
miles per hour). For the ether combinations it vras neces- 
sary only to obtain drag comparisons at a moderate speed. 
A value of H of 0 o 30 vras selected from consideration of 
the force required for adequate precision of measurement. 
Actually, the tests were made at a series of speeds brack- 
eting the desired Kach number. The force tests wero made 
both '.ith boundary-layer transition fixed near the aose of 
the aodels -?.nd with transition as it occurred naturally on 
the smooth models. 

The static pressure and int ernal-f low measurements 
;?erc made separately from the force tests because of the 
necessity of running the pressure tubing alon? the top of 
the v-ing. These tests -rere made at a Mach number of ap- 
p ro xtnn t e ly 0.30. 

Tuft survey runs were made for the streamline body 
(fixed transition) at speeds up to 250 miles per hour. 



RESULTS 



The method of computing velocity, Hach number, and 
Reynolds number in the 8-for. t high-speed wind tunnel is 
described in reference 6. Compressibility effects are in- 
dicated directly since the true, rather than the indicated 
dynamic pressure was used in computing the coefficients. 
The effective fuselage drag coefficient Cj)_ includes the 

unfavorable interference of the hi^h-vring arrangement. 
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f&8 rate of internal flow IS expressed nondimension- 
ally in terra of the flow coefficient, Q/FV. The inter- 
nal duct losses are shown in terms of the stream Sj^lUbalQ 
pressure because of the significance of the result in<5 pa~ 
raneto* in the internal drag equation. As shorn in refer- 
ence 1, the internal drag coefficient depends on the fflctt 
coefficient and the total head loss as follows: 

f x 1 

0 3 __( internal) - 2Q/FV | 1 - (l - AH/q ) { 

- L J 

The effect of l/Iach tiunTier on the draq coefficients of 
the streamline body and of the nose 1 - tail 1 combination 
is shorn in figure 11* The lor dra§ values for the nat- 
ural transition condition probably could not he realized 
at flight Reynolds numbers owin^ to a rapid decrease in 
the extent of laminar flor as the Reynolds number is in- 
creased r For this reason it was felt not rcrth v.hile to 
include in this report the natural transition results for 
the other combinations* In general, the dra? increments 
between the natural and fi::ed transition conditions rerc 
almost identical rith those shorn in figure 11 for the 
nose 1 - tail 1 combination. The dra* 5 ; data obtained vith 
fixed transition at a Kach number of 0 # S0 are ^iven in 
table I together rith the flow coefficients, over- all duct 
losses, and internal drag data for all of the combinations 
tested. 

The results of the external static pressure measure- 
ments over the noses and annular outlets are shorn in fig- 
ures 12 and 13, respectively. 

An analysis of the duct looses for the nose 1 - tail 1 
combination and for the nose 2 - tail ?- combination is ~,iven 
in figures 14 and 15, respectively. 

The data shorn in the figures and tables are given for 
an an^le of attack of zero c.e^ree only- Ho measurable 
fuselage dra^ increase was found through the test o:i§le-of- 
attack ran^e of -?° to + ?.5C . 



Disetrssiou 

DraP^ Results 



Streamline body.- The tuft surveys shored excellent 



flow conditions a "bout the tail of the streamline ba&y* 
Near the tail of the fillet 5 however, there was a region 
of disturbed flow* This unfavorable interference between 
the high wittg and the "body resulted in an effective drag 
coefficient for the "body of 0*092 at the test Reynolds 
number of 11,200,000 (M = 0.30). The results of refer- 
ence 2 for a similar model arrangement (combination 143 ) 
indicated a decrease in effective fuselage drag of ?>$ per** 
cent between high and midwin^ arrangement s . Thus, a drag 
coefficient of about 0.030 is indicated for the streamline 
"body if the optimum m.idwing arrangement were used. The 
interference effects at the wing fillet were local, as was 
demonstrated "by tuft surveys, and could have no measurable 
influence on the characteristics of the inlet or outlet 
openings or the internal flow* 

Cri t i cai sp cp djj . - The pressure coefficients over the 
leading 4-1/2 inches of nose 1 and 2-l/2 inches of nose 2 
(portions of the nose profiles derived from the shapes of 
reference 1 ) wort low and the gradients favorable ( : i . 
12); these desirable characteristics are the sane as indi- 
cated in reference 1, and the method of derivation of the 
profiles for a given inlet size is thus verified. It is 
shown in reference 1 that the critical speed of a stream- 
line fuselage employing openings of this size and profile 
shape is as hi ^h as that of the basic streamline "body 
which, for the shape tested, is estimated (reference 7) as 
M cr = 0.37. The addition of cockpit fairings would reduce 

the critical I.Iach number to approximately 0.77 (estimated 
"by the method of reference 7 from the peak pressures shown 
in fig. 12 N . The rapid increase in drag coefficient noted 
in the :"orce tests at a i.'ach number of about 0.60 (fig, 
ll) for all of the combinations, is attributed to the oc- 
currence of the compressibility burble at the wing fillet. 
It is evident that the critical speed of fuselages employ- 
ing the nose 1 cr nose 2 profiles will be fixed by some 
point of high local velocity other than the nose itself. 
The importance of careful design of the win^-f us ela^e June 
ture is also apparent. 

5£^S_compari sons. . - The cockpit fairing and the nose 1 
inlet shape caused only small increases in drag above that 
of the streamline body (table I, arrangements 1, 2, and o) 
TCith the internal duct open, but with no internal flow, 
the drag was o.bout the same as with the duct closed at the 
nose (arrangement 4). In comparing the various arrange- 
ments with internal air flow (table I), account must be 
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taken of the drag due to the internal as well as the exter- 
nal flov;. The external drag increment of a combination may 
he obtained "by subtracting the internal drag increment from 
the ov- vr-all drag increment. It will be soon that the ex- 
ternr.l drag for most of the combinations with internal flow 
was loss than the drag of the basic streamline body. This 
effect results from a beneficial action of the air inlet 
and outlet processes on the external flow and is discussed 
more fully in reference 1. 

Comparisons of the external drag characteristics of the 
openings should be made at the same value of the flow coef- 
ficient owing to a variation with flow coefficient of the 
interference effects between external and internal flows. 
Because the rate of flow varied somewhat for the various 
arrangement s , it is possible only to make qualitative com- 
parisons by c-irect use of the test data given in table I. 
However, the results obtained with and without the simu- 
lated engine resistance provide a means of interpolating the 
data to a given flow coefficient. Thus, at the design flow 
coefficient of 0.040 the following comparison between noses 
1 and 2 as tested with tail 2 -a (duct unobstructed) was ob- 
tained: 

Drag increments in percent of streamline bodv drag 

Internal drag External drag Over-all drag 
Nose 1 3.1 -4.5 -1.4 

Nose 2 1.7 -.1 1.6 

It is seen that the nose 1 arrangement is the better of 
the two in spite of the higher ducting losses. 

The following order of merit was obtained for the four 
outlets in combination with nose 1, corrected to a flov: co- 
efficient of 0.040: 

Outlet External drag increment, percent 

1 -0.2 

1-a -7.5 

2 -1.0 



2-a 



-4.5 
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The internal drags were approximately the sane for all of 
the outlets* 



The drag increments shown above and in table I v;ere 
based on the streamline "body drag for the hlgh«*wing set— up 
(0.092). If the optimum midwing arrangement rere used, 
the increments would "be increased by about 50 percent, ow- 
ing to a decrease in drag of the basic streamline body to 
about 0, 360. 



l\fot only was the external drag less for the m&d,if led 
outlets, but the rate of flow for a gives outlet area was 
Considerably increased. (Cf. arrangements 5 and 7, 8 and 
9, table I.) Area coefficients showing the effectiveness 
of the outlets and useful for design purposes were derived 
as follows: 

effective outlet -area — 9 -r^ 
geometric outlet area A x 



The effective area, a.s a fraction of the maximum sec- 
tion area, is given by 



e: 

Y 



Fv, 



'ubscrirt 



refers to cutlet 



Since Q x is known, it remains to compute ir- from 

Bernoulli equation for the internal flow in order to de- 
termine ^ e ff* Assuming that free-stream total pressure 
is available at the inlet, that the density at the cutlet 
is decreased due bo the addition of heat, and ne?lectin^ 
second- order effects, 



/p 0 n* f m % Jt 

v, = 7(1- P. ] 



in which r x is the pre r sure coefficient obtaining at the 

outlet station with the opening faired over. Then the ef- 
fective area, is 

is % (£i"\* 1 

p ~ f» W a - AH l/q - 

and 
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C = 



_ (Zi) (LI y 



o (1 - 6Ei/q - 



For design purposes the geometric outlet area may "be 
compute. i iron 

i? 1 rj° i 3V-M" J 

- " C % llJ Vp i- (1 - f5 x /q - 

Th:? last equation shors that for constant mass flow 
the q Title* r.rea required depends on the density ratio 
(i.e., on the amount of heat added to the internal flow) 
as -.-oil as on the available pressure drop across the in- 
ternal system. The vriuos of C obtained for the outlets 
tested with "both noses and tho values of ? x used in 

their computation are as follows J 

Outlet W % 0 

1 -0.055 0.91 

1-a -.055 .93 

2 .050 .34 
2~a .050 .96 

These outlet coefficients, as may he seen from the 
methcC of derivation, indicate the co^.hined effects of the 
shape cf the opening and the interference "between inter- 
nal and external flows. The high values of the coeffi- 
cients for the modified outlet shapes are compatible with 
the low external drag's obtained with these shapes. 

Details of the annular outlet openings and the pres- 
sure di stri out ions ootaiiied are shown in figure 13. It is 
seen that although tail 1-a resulted in a considerahie im- 
provement, further undercutting is desired to reduce the 
pressures to the values obtaining rith the cutlet faired. 
A further modification of the contour designed to achieve 
the desired result is shown. 



Those considerations of relative external drag, area 
coefficient, and pressure distribution, fully confirm the 



co:iclusi ons of reforcnca 1 regarding the optimum outlet 
o p en i n s 8 hap e s . 

Int ernal-IFlow Charact eristics 

Ova r-»al I lossas.^ In comparing the internal duct char 
act ari sties it she aid "be borne in mind that the total pres 
sure loss varies approximately as the square of the flow 
coefficient, and the Internal drag approximately as the 
cube cf the flow coefficient. Exact comparisons of the 
internal arrangements must therefore "be made at a given 
flow coefficient* Comparing arrangements 7 and 14 (table 
I) which have about the same flow coefficients, it is 
seen that the over-all internal loss with nose 1 ran about 
twice that with nose 2. The effect of a sharp-edged gun 
at the nose 1 inlet ras to add about 20 percent to the in- 
ternal duct losses, (Cf. arrangements 5 and 5, table I.) 

It has been pointed out previously that the internal 
drag to the total duct ins losses at the design flow 

coefficient was only 3*1 percent with nose 1 and 1.7 per- 
cent with nose 2 (corresponding to over— all duct losses of 
0.070 and 0.033, respectively). The magnitude of these 
losses may be considered negligible in comparison with the 
actual cooling loss, particularly in view of the appreci- 
able decreases in external drag which accompany the inter- 
nal flow. 

In connection with the simulated cooling loss it 
should be pointed out that in these tests all of the in- 
ternal air flow passed through the engine resistance 
whereag in an actual installation a large part of the air 
would be diverted to the carburetor. The internal drags 
shown in table I for arrangements 10, 11, 12, 16, and 17 
arc therefore higher than would actually be incurred at 
the design speed of 400 miles per hour. The pressure drop 
across the engine resistance in the tests corresponds to 
about 66 pounds per square foot at 400 miles per hour. 

Analysis of losses «- The losses throughout the inter- 
nal systems were computed on the basis of existing inter- 
nal flow data in order to aid in analyzing the measured 
losses-.- References 4, and 5 were used in estimating 
the bend and expansion losses. Owing to the relatively 
large proportion of wetted area to cross-sectional area in 
the designs employed, skin friction losses were an appre- 
ciable fraction: of the total lasses. The skin friction 
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losses -ore computed as follows "by equating the sunmation 
of the local energy losses to the total energy Ions: 



P 
2 



S - T » c f as = qAH friction 



cr 



— (friction) = 42.0 Z Cf d3 



whore 



S* = 0.040 
IV 



v 



P 

o 



'rom. figure 7 



c.p , from von Karnan turoulont "boundary- 
la^er theory for the local duct 
Rey no 1 ds numh e r s 



The results of the duct-lens calculations are shown 
in fi^urec 14 and 15 together with the measured losses 
(corrected to Q/PV = 0.040). The agreement "between the 
measured and computed total losses sit the various stations 
is satisfactory* In general, the calculated losses are 
somewhat higher than the measured values, This is prcha- 
hly due to the fact that the oend and expansion losses, 
as obtained from the various references, include some fric- 
tion losses. In addition, a favorable scale effect (ref- 
erence 8) may have slightly reduced the measured losses. 

In ordor to determine whether the assumption of a tur- 
bulent "boundary layer was justified in computing the duct 
skin-f ri ct i cn losses, a run was ma.de with a 1 /2-inch -vide 
strip cf !?o „ 60 caroorundum around th? wa!3 of the duct 
1-1/2 inches hack from the nose* 3Jhis modification result- 
ed in no increase in internal loss, thus indicating that 
no appreciable laminar flow exist ed„ 

A study of figures 7, 14, and 15 wi 11 emphasize the 
importance of keeping the duct velocities low, since nea,rly 
all of the losses occurred at stations where the velocity 
was greater than 0.25V. Care should he taken to avoid ex- 
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tended regions cf high velocity near the outlets. I he 
cylindrical section ahead of the tail 2 and 2-a outlets, 
for example, is considered longer than necessary,. 

Apparently no unexpected "bend or expansipn losses oc- 
curred. No measurable entrance loss existed, and no flow 
pulsations could he detected. 

The loss across the simulated engine resistance agrees 
well with the computed values (fi^s. 14 and 15) and corre- 
sponds to a conductance of 0.106 as comuared with the de- 
sign value of 0.100c The resistance plate caused no meas- 
urable changes in the characteristics of the internal flow 
near by. 

Ihe total-pressure surveys at all of the stations in- 
vestigated showed that the distribution of total pressure 
across the channels was satisfactorily uniform. To within 
l/3 inch from the rails the total pressure was never more 
than 0*02 (j different from the mean value. 



CONCLUSIONS 



1 • The air requirements of a power plant submerged 
near the maximum section of a streamline fuselage can he 
met with ne^li^iole ducting losses provided the fundamen- 
tals of efficient duct design are followed. 

2. The effect of air inlet at the nose and cutlet at 
the tail is "beneficial to the external flow. Owing to 
this effect, the over-all drag cf the best arrangement 
tested without simulated engine resistance but with ade- 
quate internal flow for the 400-milc-per-hour condition 
was less than the drag of the basic streamline body. 

3. Because of the low local velocities over the nose 
shapes tested, the critical compressibility speed cf the 
fuselage would be determined by the cockpit fairing or the 
win^-f ucelage juncture rather than by the nose shape . 

4. The duct losses can be computed with sufficient 
accuracy for design purposes. ITo unexpected entrance 
losses cr flow pulsations were apparent. 

5. The conclusions of reference 1 re^r.rdin^? the op- 
timum shapes of outlet openings were corroborated. 

Lan^ley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Pi eld, 7a. 
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Figure 7.- Duct-velocity ratios 

and equivalent conical 
expansion angles. Q/FV= 0.040. 
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Figure 13.- Details of radial outlet openings and pressure distributions for Q/FV=0.042. 
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Figure 11.- Variation with Mach number of 

effective fuselage drag coefficient*. 
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Figures 14 and 15.- Analysis of duct losses and comparison of computed and measured total losses. Q/FV=0.040. 



